analysis can be extended to include a department, group, or journal. Several methods have been employed to evaluate the productivity of an individual or a department, the commonest of which is the h index. 8, 10, 12 Proposed by a physicist from the University of California, San Diego, Jorge E. Hirsh, the h index is "the number of papers with citation number ≥ h as a useful index to characterize the scientific output of a researcher." 6 Another index that supplements the h index is the e index, which was proposed by Zhang. 13 The e index accounts for not only all publications that are part of the h index but also the cumulative citations of these publication. Thus, it provides information on ignored citations. Other indices that have been used are the g index 3 and the m quotient. 8 The number of neuroendovascular and neurointerventional fellowship training programs in the US has increased in recent years. 7 In this scenario, in which more than 50 neurosurgical programs offer these fellowships, it is of paramount importance to assess the academic productivity of such training programs and to know if accreditation with an authority or board has an impact on academic productivity. In the present study, our primary objective was to assess the academic output of neuroendovascular and neurointerventional programs across the continental US using h and e index-based matrices. To the best of our knowledge, this is the first study in which departmental academic productivity for this subspecialty has been assessed. An earlier study of pediatric neurosurgery focused on the h indices of individual faculty members. 9 This method may not be reliable, as faculty can move from one program to another, and thus the results of such an analysis may not reflect the true productivity of the fellowship program. Currently, few neurosurgical fellowships are accredited by a formal standardized system. Our secondary aim was to determine if a difference exists in terms of the academic productivity of fellowships with and without accreditation and with and without affiliation with a comprehensive stroke center.
Methods
Listings for neuroendovascular, endovascular surgical neuroradiology, neuroendovascular surgery, and interventional neuroradiology fellowship programs were obtained from the websites of the fellowship directories of the American Association of Neurological Surgeons (http://www.aans.org/grants%20and%20fellowships/ fellowship%20directory.aspx), Accreditation Council for Graduate Medical Education (ACGME) (https://apps. acgme.org/ads/public/reports/report/1), and the Committee on Advanced Subspecialty Training (CAST) of the Society of Neurological Surgeons (www.societyns.org/ fellowships/NeuroEndovascularNeurosurgery.asp). Only those programs for which a description of a neuroendovascular, endovascular surgical neuroradiology, neuroendovascular surgery, or interventional neuroradiology fellowship was available on the website of the parent department or institution were included in the final analysis (Appendix 2). Thus, institutions offering only a noninterventional stroke fellowship were excluded. Additionally, information was gathered on the CAST or ACGME ac- Bibliometric data for all years through May of 2016 were gathered from the Thomson Reuters Web of Science citation database (http://login.webofknowledge.com). Because neuroendovascular training closely involves other departments and neurointerventionists can have a training background in radiology or neurology and neurosurgery, we used the following search strings: neurol*surg*(neurological surgery), neurosurg*(neurosurgery), neurolog*(neurology), neuroend ovasc*(neuroendovascular), neuroradiol*(neuroradiology), cerebrovasc*(cerebrovascular), and stroke*(stroke). These search strings were attached to the institute's address strings (Appendix 1). 10 Thus, a cumulative h index was generated, which is referred to as the departmental h index (h index-dept) ( Table 1) .
Calculation of the Neuroendovascular h and e Indices
Each publication citation included in h index-dept was screened, and the h index for the neuroendovascular fellowship (referred to as h index-neuroendovascular) was calculated from citations in the CNS vascular domain, excluding those that were limited to microneurosurgical nuances or microneurosurgical surgical anatomy. Similarly, the h index-neuroendovascular for citations during the last 10 years (referred to as h10 index) and the h index of individual neuroendovascular-trained faculty members at each parent department were calculated. Multiinstitutional data were equally distributed among all included institutes. For example, all institutions that were attributed to the authors of a publication received equal credit for that publication in the calculation of the h index for the department.
Next, h index-neuroendovascular was subjected to quartile analysis. Neuroendovascular fellowship programs falling in the ≥ 75th percentile were labeled as "high-productivity" centers in terms of academic works. Correlation analysis was done for these high-productivity centers with other parameters, including affiliation with a comprehensive stroke center, number of faculty members, accreditation status, and "highest" h index of neuroendovasculartrained faculty members from each department.
To calculate the e index, we used the formula 13 below:
where citj are the citations received by the jth paper (j refers to the serial number when the citations are arranged in descending order of the number of times cited) and denotes excess citations within the h core (the h core comprises all articles within the h index). 13 Figure 1 illustrates the calculation of the neuroendovascular h, h10, and e indices. webofknowledge.com). This index was calculated using the author's name, irrespective of his or her academic affiliation.
Statistical Analysis
The Shapiro-Wilk test was performed to determine if each of the continuous variables in our study was normally distributed. The continuous variables were h indexneuroendovascular, h10 index-neuroendovascular, number of faculty members, mean h index of faculty, median h index of faculty, and highest h index of faculty. Correlations between these variables were evaluated using the Spearman's rank correlation coefficient. The WilcoxonMann-Whitney test was used to compare the distributions of the continuous variables by group. The chi-square test or Fisher's exact test was used to evaluate the relationship between categorical variables (i.e., affiliation with a comprehensive stroke center, accreditation status, and higher productivity center). When the p value was < 0.05, the 2 variables under evaluation were considered to be significantly related. SAS (version 9.4, SAS Institute) was used for the statistical analysis.
Results

Rankings of Neuroendovascular Fellowships Based on the h Indices
The search revealed a total of 54 fellowship programs, of which details for 37 fellowships were available on the parent institute or department websites. These 37 programs were included in our analysis ( Table 1) .
The median h index-neuroendovascular was 31 (mean 38.86 ± 22.04; range 12-103). The median of the h10 index-neuroendovascular was 19 (mean 20.32 ± 10.92; range 4-48). The mean number of neuroendovascular faculty members in each department was 3.27 ± 0.962 (range 2-6). Stanford University, University of California, San Francisco (UCSF), University of California, Los Angeles (UCLA), University at Buffalo, and Johns Hopkins University had the top 5 rankings based on h index-neuroendovascular. The h index-neuroendovascular indices for these institutions were 103, 82, 77, 71, and 64, respectively.
Correlation Analysis of Neuroendovascular Fellowship h Indices With Faculty h Indices
Correlation analysis (Table 2) showed a strong positive correlation between the neuroendovascular fellowship h index and its h10 index (r s = 0.885; p < 0.0001). Similarly, the mean, median, and highest h indices of the neuroendovascular departmental faculty were positively correlated with the neuroendovascular fellowship h index (r s = 0.662, p < 0.0001; r s = 0.617, p < 0.0001; and r s = 0.649, p < 0.0001 respectively). There was a significant correlation between the number of faculty members and the neuroendovascular h index (r s = 0.408; p = 0.006) and h10 index (r s = 0.441; p = 0.003). The mean, median, and highest h indices of neuroendovascular departmental faculty were also correlated with the h10 index of the fellowship (r s = 0.568, p < 0.0001; r s = 0.569, p < 0.0001; and r s = 0.541, p < 0.0001, respectively). 
Comparison of Neuroendovascular Fellowship h Indices
With CAST/ACGME Accreditation and With Affiliation to a JC/DNV Stroke Center Of the 37 fellowships, 18 (48.6%) were accredited by CAST or ACGME, and 30 (81.1%) were affiliated with a JC-or DNV-accredited stroke center. There was no significant association between the neuroendovascular fellowship h indices and CAST/ACGME accreditation or JC/ DNV-accredited stroke center affiliation (Table 3) .
On the basis of accreditation status, there was no statistically significant difference in the mean or median of the neuroendovascular fellowship h index and h10 index (Table 3) . Similarly, on the basis of an affiliation with a JC-or DNV-accredited comprehensive stroke center, there was no statistically significant difference in the mean or median values of those indices.
Comparison of Neuroendovascular Fellowships Based on Productivity
On the basis of the quartile analysis, the 75th percentile of the neuroendovascular fellowship h index was 54.
Departments with an h index-neuroendovascular of ≥ 54 were labeled as "high-productivity" centers. Ten (27.0%) centers formed this cohort: Stanford University, UCSF, UCLA, University at Buffalo, Johns Hopkins University, Washington University, St. Joseph's Hospital (Barrow), University of Pittsburgh, NewYork-Presbyterian/Cornell University, and Cleveland Clinic. In addition, Stanford University had the highest e index (121.35) ( Table 1) . The mean number of neuroendovascular faculty members in the department was significantly higher in neuroendovascular fellowship programs with higher productivity (p = 0.013) (Table 4) . Moreover, higher productivity fellowship programs had significantly higher mean and median neuroendovascular faculty h indices (p ≤ 0.0001 and p ≤ 0.0001). Also, significantly higher productivity was seen in the last 10 years (p < 0.0001). However, higher productivity was not associated with the CAST/ACGME accreditation of the fellowship or its affiliation with a JC/DNV-accredited stroke center (p = 0.7140 and p = 0.295, respectively).
FIG. 1.
Steps involved in the computation of the departmental h index, neuroendovascular fellowship h index, and e index. 
Discussion
To the best of our knowledge, we have performed the most detailed bibliometric evaluation to date on the neuroendovascular subspecialty. Our study is unique for several reasons. First and foremost, department productivity was analyzed by specifically looking at the subspecialty of interest and using address and subject matter search strings (Appendix 1) to extract publication citations. By screening the citations for publications (Fig. 1 ) that comprised the parent department's h index, we created a new h index (i.e., h index-neuroendovascular) that was based on relevant neuroendovascular publications. This methodology can be used to study and analyze most fellowship programs in neurosurgery or other specialties across the US. Ponce and Lozano 10 compared the academic productivity of American and Canadian neurosurgical training programs using departmental address search strings and concluded that h indices can be useful for comparing academic output across neurosurgery departments. However, their study was limited to neurosurgery and did not include any subspecialty.
Klimo et al. 9 used the Scopus (https://www.scopus. com/) and Google Scholar (http://scholar.google.com/) bibliometric databases to profile the academic productivity of individual pediatric neurosurgeons. Their study was mainly an individual authorship-based study in which the h index of a pediatric neurosurgeon was calculated according to his or her name. Those authors also evaluated pediatric department productivity for a period of 5 years. The study did not focus on publications pertaining to pediatric neurosurgery alone. For example, a pediatric neurosurgeon might have coauthored several manuscripts on different topics of interest, but those citations would still be part of his or her h index. Each department was ranked based on the cumulative h and e indices of its current faculty members; thus, the method may not reflect the department's productivity. Additionally, faculty members may change from one department to another, which is another aspect that was not into taken into account during the ranking of the program.
Accreditation and Productivity
The accreditation of neurosurgical fellowships is a "hot" topic in view of a recent increase in the number of programs that offer neuroendovascular or neurointerventional fellowships. 4 An argument was made to halt fellowship training because of a decrease in the volume of procedures and the saturation of larger centers with neurointerventionists. 4 It was feared that graduating fellows would accept appointments at community hospitals with lower procedure volumes and untrained support staff.
Unlike other specialties (such as obstetrics and gynecology, cardiology, vascular surgery, and surgical oncology) where almost all fellowships are accredited by the ACGME, fellowships in neurosurgery mostly are either unaccredited or accredited by the Accreditation Council for Pediatric Neurosurgical Fellowships (for pediatric neurosurgery fellowships) or CAST, which offers accreditation of fellowship programs in the subspecialties of neurocritical care, cerebrovascular neurosurgery, neuroendovascular surgery, spinal neurosurgery, neurosurgical oncology, pediatric neurosurgery, peripheral nerve neurosurgery, and stereotactic and functional neurosurgery. Few fellowships in neurosurgery are ACGME accredited. In the present study on neurosurgical departments with a neuroendovascular fellowship program, we analyzed if academic productivity correlates with accreditation status (ACGME/CAST). Fourteen fellowships were accredited by CAST, 4 by ACGME, and 2 by both. There was no significant difference in the academic productivity of unaccredited versus accredited programs (p = 0.70). In fact, only 5 of 10 programs in the higher productivity cohort are accredited (Table 1 ). At present, the accreditation system for endovascular training is fragmented, in part because it is a field populated by 3 different specialties: neurosurgery, neurology, and neuroradiology. Furthermore, there is no mandate for academic productivity by any of the participating societies, which stands in contrast to the standard for residency training programs that have research criteria that need to be met prior to the graduation of their residents. To meet the needs of this rapidly evolving field, including the evaluation of indications, techniques, and devices, in addition to expanding horizons to new paradigms, research should be embraced as a foundational element of accredited programs. This would serve both to advance and justify the field, as well as to further raise the bar for those who wish to enter it. Our study is a step in that direction. The methods can be used by accreditation bodies to extract the research productivity of endovascular fellowship programs and monitor preestablished goals.
Affiliation With a Stroke Center
The year 2015 saw the publication of 5 randomized controlled trials that favored mechanical thrombectomy plus intravenous tissue plasminogen activator over medical management with intravenous tissue plasminogen activator alone for large-vessel occlusion in the setting of anterior circulation stroke. 1, 2, [5] [6] [7] These trials endorsed the superiority of endovascular treatment over medical management alone. As a result, endorsement by the DNV or JC for comprehensive stroke center status became important for an institution. A recent study has shown that the direct admission of patients to a comprehensive stroke center (as opposed to the transfer of patients from another facility to such a center) is associated with better outcomes and lower hospitalization costs.
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The present study showed that departments affiliated with a JC-or DNV-certified stroke center did not have a significantly higher number of neuroendovascular faculty members (p = 0.417). The small number of nonaffiliated centers (7 of 37 centers) may explain the lack of significance. Moreover, there is a requirement for a minimum of 2 trained neurointerventionists to staff a certified comprehensive stroke center, which was met by all affiliated and nonaffiliated centers (Table 1) . However, association with a JC-or DNV-certified stroke center did not increase the academic productivity of the department. Even though certification as a primary stroke center started in the year 2003 (https://www.jointcommission.org/certification_for_ comprehensive_stroke_centers/), comprehensive stroke center certification is a recent phenomenon. The DNV announced its first comprehensive stroke center in the year 2012 (http://dnvglhealthcare.com/releases/dnv-healthcareintroduces-comprehensive-stroke-center-certification). Because the h index depends on the number of times a paper is cited, it will take some time before the impact of faculty volume is reflected in academic productivity at these comprehensive stroke centers.
h Index-Neuroendovascular and its h10 and e Indices
In our study, we were able to extract publications specific to the subspecialty of interest and compute the h10 index. The h index-neuroendovascular correlated significantly with the number of neuroendovascular faculty members (p = 0.04), the highest h index of the faculty (p < 0.0001), and its mean (p < 0.0001). If one looks at the subgroup analysis of high-productivity centers (Table 4) , these centers had a significantly higher h10 index and number of neuroendovascular faculty members. The highest and mean faculty h indices were significantly greater at these centers, suggesting more resources for research are provided at these centers or that these centers attract faculty members with better research profiles. Further, larger programs have more faculty members and can spread call and case responsibilities. This might facilitate more "protected time" for research and academic endeavors.
The h10 index depicts academic productivity regardless of the longevity of the program, and thus it negates the natural advantage of older fellowship programs. Our study showed that h10 correlated significantly with h indexneuro endovascular (p < 0.0001) and the mean, median, and highest h index of neuroendovascular faculty members ( Table 2 ).
The h index bibliometric has been criticized for its inability to truly reflect the citation prowess of an individual or an institution. For example, 2 institutions can have the same h index, yet one of these may have manuscripts that have been cited much more often than its h index indicates. These unaccounted for or excess citations can be calculated in the e index. Thus, if 2 institutions have the same h index and one of them has a higher e index, it would mean that the institution with the higher e index had more citations.
The e index needs to be interpreted along with the h index; hence, we did not perform a separate statistical analysis of the e index. In our study, Stanford University had the highest neuroendovascular h and e indices, and UCLA had the highest h10 index.
Study Limitations
This is the first attempt to rank fellowship programs on the basis of the h indices that specifically pertained to specialty of interest: in this instance, the neuroendovascular subspecialty. Such an analysis is prone to errors, as the denominator was based on the address strings of the parent institution or department. It is possible that a completely different abbreviated address could be used by the department for publication purposes. It is also possible that the Thomson Reuters Web of Science portal may not harbor all of the articles published by the department.
The h index considers overall citations rather than the importance of single contributions, neglects the quality of the content of the publications, and does not consider the context of the citation. It is also influenced by the accuracy of the citation database used for its calculation.
Future Perspectives
This study included neuroendovascular fellowship programs in the continental US. The pattern of research productivity at centers across the globe is different because each country has its own process for accreditation and affiliation. Moreover, information for fellowships outside the scope of our study is lacking at present. Once more information is available on websites, the methods enumerated in this manuscript can be used to analyze neuroendovascular fellowship programs across the globe.
In addition, the methods applied here can be used as a benchmark for future academic productivity by determining if a correlation exists between the individual productivity of the graduates of the fellowship program and that of the parent department. The data can be extrapolated into various subsets of publication types: clinically oriented (patient outcomes and technology advancement) and basic science oriented (bench research and preclinical in vivo and in vitro work).
Conclusions
On the basis of the institution's address and subject matter strings, a departmental h index can be calculated. Further analysis of the publications that make up the h index could reveal the inclination of a department toward one particular subspecialty and can be used to accurately calculate the h index of a particular specialty. Our analysis was restricted to the neuroendovascular subspecialty, but the methodology can be extended to other neurosurgical subspecialties. The research interests of individual faculty members are directly reflected in the research productivity of a department. The current systems for the accreditation of neuroendovascular fellowship programs do not have a meaningful impact on academic productivity. Publication prowess based on the above-mentioned methods could be given consideration during the process of the accreditation of neuroendovascular fellowships in the future.
